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@ Retroviral vector. 

@ The Invention relates to a retroviral vector capable of 
transducing and expressing genes in eucaryotic, particularly 
embryonic cells. This retroviral vector is derived from a re- 
trovirus infectious for said cells, which DNA recombinant 
comprises the long terminal repeats (LTR) of the 5' and 3' 
termini of the provirus. part of the first Intron which contains 
the packaging signal of the corresponding retrovirus and* 
between said intron and the opposite LTR, a first promoter- 
enhancer region and a second eucaryotic promoter down- 
Q| stream and adjacent to the first promoter region, both of said 
promoters being selected among those which are recog- 
nized by the endogenous polymerases of said cells. Trans- 
formation of said cells with said retroviral vector, modified 
beforehand by said gene, i.e. the «neo» gene, by insertion 
N thereof under the control of said second promoter, causes 
0| stable integration of said gene into said ceils with the atten- 
dant transcription and. preferably, translation thereof. 
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A retroviral vector capable of transducing and expressing 
q*n^ in embryonic cells and cells containing 3 retroviral 
sequence including said gen e integrated in their genomes 

The invention relates to a retroviral vector ca- 
5 pable of transducing and expressing genes in embryonic 
cells, to a process for constructing such retroviral vec- 
tor and to a method of transformation of said embryonic 
cells to confer on them the capability of expressing a 
determined gene or to the contrary of inhibiting the ex- 

10 pression of an endogenous gene. The invention is applic- 
able with particular advantage to embryonic cells which 
either lack a corresponding endogenous gene or which con- 
tain such an endogenous gene r whose expression is however 
totally or partly inhibited. The invention is also 

15 applicable to the cells themselves which contain a retro- 
viral seguence including a determined gene, said retro- 
viral sequence being integrated in the genomes of said 
cells . 

It will of course be understood that the word 

20 "gene" as used hereafter, particularly when reference is 
made to a gene contained in the vector, must be understood 
as relating not only to a "natural" gene seguence cleaved 
from a natural DNA , but also to any nucleotidic sequence 
coding for a determined polypeptide, no matter how the 

25 sequence was obtained. The latter may for instance have 
been obtained by chemical synthesis or consist of a cDNA. 
Thus the word "gene" is also intended to encompass any 
sequence which can be transcribed into a RNA and pre- 
ferably too translated into a polypeptide. 

30 Reference will also be made hereafter by bracket- 

ted numbers to bibliographical references • The latter are 
recited at the end of the present specification and are 
incorporated herein by reference. 

The following abbreviations will also be used 

35 throughout the whole specification : LTR, long terminal 
repeat ; EC, embryonal carcinoma ; neo, neomycin ? M-MuLV, 
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Moloney Murine Leukemia Virus ; gRNA, genomic RNA ; env . 
envelope ; pol , polymerase ; - aaa : gene coding for the 
viral-structure proteins ; SVtk, SV40 early-herpes simplex 
I thymidine kinase promoter ; APH(3 a )II, aminoglycoside 
5 3 1 -phosphotransferase ; 0-gal , p-galactosidase . 

Microinjection is the only method which has up to 
now been used successfully to introduce DNA into cells of 
the embryo and recently proper developmental regulation of 
microinjected genes has been obtained (1). An alternative 

10 to this technique would be to use viral vectors to trans- 
duce genes into embryonic cells. Retroviruses are an 
attractive choice for several reasons. The only structures 
required to produce recombinant genomic RNA (gRNA) from 
proviral DNA are grouped at the 5' and 3* termini of the 

15 provirus . These structures include : the long terminjal 
repeats (LTR) , which are required for integration (2), 
transcription of the gRNA and polyadenylation (3) ; the 
first intron which contains the packaging signal (4> 5). 
Furthermore f a trans -complementing cell line has been 

20 constructed which efficiently produces virions containing 
only the recombinant gRNA (5). Finally, the integrated 
recombinant virus can be reisolated by infecting the cell 
with a wild-type retrovirus (6). 

However, although retroviruses can infect em- 

25 bryonic cells and integrate into the chromosome (7), there 
is a block in their gene expression in both embryos (8) 
and embryonal carcinoma (EC) cells (9). This block may be 
at the level of transcription (10) and/or RNA maturation. 

The object of the invention is to overcome these 

3d difficulties, more particularly to provide a retroviral 
vector which can lead to the production of high titers of 
a virus which is itself capable of transmitting and ex- 
pressing a determined gene into embryonic cells, parti- 
cularly a gene foreign to (or heterologous with respect 

35 to) the retroviral DNA, such virus being furthermore cap- 
able of causing said determined gene to be stably 
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expressed in said embryonic cells. 

Another, object of the invention is also to provide 
a retroviral vector capable of causing an heterologous DNA 
sequence to be expressed in differentiated cells (or cells 
in culture infectable by the corresponding virus. 

Still another object of the invention is to pro- 
vide a retroviral vector for the transformation of cells 
of high eucaryotes particularly mamalian cells, no matter 
whether they are in the embryonic or differentiated stage, 
to make them capable of producing large amounts of a cor- 
responding retrovirus, particularly of a retrovirus con- 
taining a determined gene inserted in its genome. Thus the 
invention also concerns the so transformed cells. 

The vector of the invention is a DNA recombinant 
containing a retroviral sequence including the long termi- 
nal repeats (LTR) of the 5' and 3' termini of a provirus 
corresponding itself to a retrovirus selected from those 
which are capable of infecting at least one cell species 
of higher eucaryotes and at least that part of the first 
intron which contains the packaging signal of said retro- 
virus (i.e. the part of the viral genome presumed to in- 
teract with a virion protein to direct specifically the 
packaging of the retrovirus RNA) characterized in that it 
further contains, downstream of said intron part in the 
direction of transcription, a heterologous (with respect 
to the virus genome) promoter region, including at least 
one promoter and enhancher sequence associated therewith, 
said promoter being selected from among those which are 
recognized by the endogenous polymerases of said cell 
species . 

The vector constructed provides for a particularly 
efficient transformation of cells of higher eucaryotes 
and, when it further contains a determined gene downstream 
from the abovesaid promoter region but within an area of 
said recombinant sensitive to the action of said enhancer 
sequence, for the effective transmission and stable 
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expression of said gene into said cell species. 

when said promoter and said enhancer are respecti- 
vely powerful enough, the constructed vector of this in- 
vention is capable of causing said determined gene to be 
stably expressed even in embryonic cells transformed by 
said DNA recombinant, particularly when the vector 
consists of a retrovirus comprising the essential elements 
of the above defined retroviral sequence. 

The efficiency of said promoter region can be 
further enhanced if a second eucaryotic promoter is inser- 
ted in said DNA recombinant downstream of said first men- 
tioned promoter, and within an area which can be activated 
by the enhancer sequence associated with the first promo- 
ter. It goes without saying that the second promoter must 
also be selected from among those which are recognized by 
the cell species sought to be transformed by said DNA 
recombinant. 

A particularly preferred DNA recombinant retro- 
viral vector contains the promoter region including the 
enhancer and promoter associated with the viral early 
region of the SV40 herpes simplex-I virus. .This preferred 
DNA recombinant is characterized : 

- in that it contains retroviral sequences derived from a 
retrovirus selected from those which are capable of 
infecting at least one species of said determined cells, 
and comprising the long terminal repeats (LTR) of the 5" 
and 3* termini of the provirus and at least that part of 
the first intron which contains the packaging signal ; 

- in that said SV40 enhancer is located downstream of said 
part of the first intron in the direction of transcription 
and 

- in that said retroviral vector contains a second euca- 
ryotic promoter downstream of said SV40 enhancer and in an 
area that can be activated by said SV40 enhancer, said 
second promoter being selected from among those which are 
recognized by the endogenous polymerases of said one 
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species of determined cells and which are sensitive to the 
activating action of the SV40 enhancer. 

For a definition of the "SV40 enhancer" reference 
can be made to the article of J. BANERJI et al titled 
••Expression of a (J-Globin Gene is Enhanced by Remote SV40 
DNA Sequences" published in Cell (1981), Vol. 27, p. 299. 

It is recalled that the SV40 enhancer sequence 
comprises some peculiar structural features, i.e. a 17 bp 
segment containing only the bases adenine and thymine, two 
repeated-sequence motifs of 21 bp and two repeated se- 
quences of a 72 bp repeat. Promoter information for the 
transcription of the viral early region and probably also 
the .late region is present within a 300 bp segment extend- 
ing over position O from about position 5., 200 to about 
position 300 (numbering of nucleotide positions is 
according to TOOZE. J, (1980), "DNA tumor viruses" (Cold 
Spring Harbor, New York, Cold Spring Harbor Laboratory)). 
Reference is more particularly made to the DNA sequences 
around 200 bp upstream from the initiation site trans- 
cription of the early genes in a region of two directly 
repeated 72 bp sequence motifs. 

It is of course understood that the expression 
-SV40 enhancer" extends also to any sequence derived from 
the preceeding one toy mutations or deletions, to the ex- 
tent where the latter do not remove the enhancement ca- 
pacity of the sequence so modified. Particularly it flows 
from J. BANERJI et al that the ability of SV40 deletion 
mutants to act as long-distance "enhancers" of a gene 
transcription is directly related to the presence of at 
least one intact 7 2 bp element. It may for instance 
consist of a mutant in which one of the 72 bp repeated 
motifs had been previously eliminated by deletion of the 
small Sphl-SphI restriction fragment (positions 131 to 
202) . 

Other promoter regions, particularly that 
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containing the first above mentioned promoter and enhancer 
associated therewith, can be substituted for the SV40 
region if it is as efficient as or even more efficient 
than the latter and it if meets the other conditions of 
5 compatibility with the contemplated cell species. For 
instance a promoter region which can be substituted for 
the SV40 promoter region is the promoter region of rat- 
p-actine disclosed by NUDEL et al r 1983, of the metallo- 
methionine, of the MMTV virus, etc.. 

10 Any adequate second eucaryotic promoter may be 

inserted downstream from the SV40 enhancer, provided it is 
sensitive to the enhancing action of the SV40 enhancer and 
recognized by the polymerases of the host in which the DNA 
recombinant of this invention is to be introduced. Thyyii- 

15 dine kinase promoters are preferred inasmuch as they are 
recognized by polymerase of mammalian cells of different 
species (mouse, chimpanzee, humans) . Thymidine kinase 
promoters are welX documented. Reference may be made more 
particularly to F. COLBERE-GARAPIN et al (1981), J. Mol. 

20 Biol., 150, 1-14 or F. COLBERE-GARAPIN et al (1983), The 
Embo J., 21-25. 

Of course the use of other -second eucaryotic 
promoters* can be contemplated. There may be mentioned for 
instance the rat-p-actine- or of metal lomethionine- 

25 promoter (which is inducible by heavy metals, whereby its 
operation can be monitored) the promoter normally 
associated with the HBs antigen in the Hepatitis B virus, 
promoters of the polyome-associated viruses, of the 
adeno-viruses of the vaccine-virus, etc.. 

30 The second eucaryotic promoter is not necessarily 

adjacent to the promoter region including said first 
promoter, particularly to the SV40 enhancer. Intermediate 
DNA sequences may be present to the extent where they do 
not interfere to a substantial extent with the enhancing 

35 action say of the SV40 enhancer on said second promoter 
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and on the gene placed under the control of the latter. 
Needless to say however that the closer the second 
promoter to the SV40 enhancer, the better its enhancing 
action on the gene to be transcribed and expressed. 

Therefore the second eucaryotic promoter is pre- 
ferably adjacent to the first promoter region, particu- 
larly to said SV40 enhancer. A preferred combination of 
promoters is thus formed of the SV40 early-herpes simplex 
I-thymidine kinase promoter (SV£k.) (11). 

An advantageous use of the recombinant vector is 
for the stable transformation of cell cultures of high 
eucaryotes, particularly of the mammalian cells, as the 
combination into a same recombinant vector of the two LTRs 
of a retrovirus and of a promoter region as defined above 
positionned in between provides for a replication-, inte- 
gration-, and expression-system which is particularly 
efficient in the corresponding cells. 

The recombinant vector may be either in the form 
of an infectious recombinant or of a plasmid including 
most of the retroviral^ sequence defined hereafter in 
relation to the retrovirus, said retroviral sequence being 
itself recombined with a plasmid sequence including the 
replicon thereof for replication and amplification thereof 
in the suitable host cell, for instance a bacterium, such 
as £. coli . 

More particularly the recombinant vector of the 
invention is a virus vector when its DNA is limited to the 
retroviral DNA structure essentially bonded by the LTRs, 
the promoter region as defined above, including the intron 
part or whole intron containing the packaging signal, the 
enhancer sequence and one or preferably two tandemly- 
linked promoters (identical to or different from each 
other) and at least a gene position downstream from the 
heterologous promoter region and upstream from the 3 ' LTR . 
Said gene portion may consist of the natural ones, i.e. 
qaq . pol and env, or part thereof, more particularly the 
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* final part of the env gene in the direction of transcrip- 
tion, or preferably another gene substituted at least in 
part for the nucleotidic sequence comprising up to the 
aaa , pol and first part of the env gene in the direction 
5 of transcription, said another gene being a foreign or 
heterologous gene -the expressioon of which is sought in a 
high eucaryotic cell, particularly at the embryonic stage 
thereof . 

As a matter of fact preferred recombinant ONAs of 

10 the invention, particularly in the form of the infectious 
retroviruses are capable not only of transmitting into 
embryonic cells (or embryos), a gene (initially position- 
ned in the retroviral DNA recombinant under the control of 
said promoter region, particularly of said second promcjter 

15 and within the area of enhancing action of the enhancer 
associated with the first promoter, such as the SV40 
enhancer, but also of providing for the steady and stable 
expression of said gene throughout cell generations and 
subsequent to the differentiation thereof. 

20 Thus a preferred use of the retroviral DNA of the 

invention is the -transformation or infection of embryonic 
cells at the earliest stages of their development, say 
between the second up to the eighth division. 

The invention further relates to a process for 

25 producing a recombinant vector according to the invention, 
starting from a plasmid or analogous vector containing a 
retroviral sequence including the LTRs and all endogenous 
sequences of the retrovirus that are necessary for the 
replication and encapsidation thereof in a cell host 

30 infectable by the corresponding retrovirus, which process 

comprises cleaving said retroviral sequence or deleting a 

part of said viral sequence downstream from the intron 

sequence containing the packaging signal and upstream of 

p 

the terminal part of the env gene ( and the 3 • LT ) and 
35 inserting therein or substituting therefor a promoter 
region as above defined and, whenever appropriate, the 
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gene or genes €he exporession of which will later be 
sought:. The different heterologous parts to be inserted in 
the retrovirus (or substituted for the endogenous parts 
thereof which are to be deleted) can of course be achieved 
in one or several steps, as will appear most convenient 
depending on the restriction sites available in the area 
concerned of the retrovirus. 

The invention further comprises a process for 
making an infectious virus vector, comprising transforming 
with the preceding DNA recombinant a competent cell, i.e. 
a cell capable of producing a retrovirion corresponding to 
the retroviral sequence of said DNA recombinant and 
containing at least a defective retroviral DNA integrated 
in its genome capable of trans-complementing the rerro- 
15 vxrai sequence of the DNA recombinant. 

Preferred cells used for this process are retro- 
virus trans-complementing cell lines, i.e. cells which 
contain a defective retroviral DNA which does not contain 
the intron sequence containing the packaging signal, which 
20 however contains that part of the retroviral DNA sequence 
which is no longer present in the retroviral DNA recom- 
binant introduced in the cell, particularly the sequence 
containing the aas, eo_1 and env genes. When the DNA 
recombinant of the invention contains a retroviral 
25 sequence derived of M-MuLV, preferred competent cells, for 
the production of an infectious retrovirus vector, are for 
instance NIH 3T3 cells which had been transformed with a 
defective M-MuLV DNA, having a Ball-PstI deletion (351 
bp) between the 5'LTR and the start codon for Pr65 gag , 
30 more particularly 6 bp upstream from the presumed donor 
site for the env mRNA splice, and approximately 50 bp from 
the start codon for Pr65 gag : see particularly reference 
(5) . 

Cell infected with a non-defective retrovirus, 
35 particularly a wild retrovirus can be used too. However 
upon transformation of these cells with the DNA 
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recombinant plasmid disclosed hereafter, the so 
transformed cells will produce both wild virions and 
infectious recombinant viruses according to the invention. 
The presence of the wild virus may be without later conse- 
5 quence, if not harmful to the cells to be infected by the 
recombinant virus of the invention and modified by the 
gene sought to be stably expressed by the infected cells. 

The capability of the recombinant virus vectors 
obtained of infecting the corresponding recipient cells 

10 -and of causing integration and expression of a gene more 
particularly in embryonic cells can be detected upon using 
any dominant marker , such as the neo gene which has been 
used in the examples hereafter, downstream and under the 
control of the above defined promoter region. The use of 

15 the dominant marker also provides the test to be used in 
assaying the effectiveness of any enhancer-promoter region 
or any combination of enhancer and sets or promoters 
inserted in the retroviral sequence of a retrovirus vector 
liable of being used to cause the transmission and stable 

20 expression of the marker - or any other gene - in 
embryonic cells. 

Additional features of the invention will appear 
as a more detailed disclosure of DNA recombinants and 
properties thereof proceeds, more particularly in connect- 

25 ion with the drawings in which : 

Fig. 1 is a diagram of a recombinant in accordance 
with the invention and Fig. 2 a diagram of another recom- 
binant constructed for comparative purposes. 

Fig. 3 is a.n autoradiograph of an i,a situ assay of 

30 APH(3 , )II (the neo gene-encoded phosphotransferase) after 
electrophoretic separation from the endogenous phospho- 
transferase activity as obtained after transformation of 
different cell lines with plasmids or direct infection of 
said cell lines with infection recombinant viruses con- 

35 taining the essential elements defined above in accordance 
with the invention. 
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The different elements which are brought into play • 
in the recombinants which will be disclosed hereafter were 
selec^d inasmuch as they consist of models which, as is 
well known to the specialists, are recognized as being 
susceptible of extrapolation to other systems. 

Particularly the observations that can be made on 
embryonal carcinoma cells (EC) when the latter are 
subjected to determined treatments, can be extrapolated 
with a great degree of certainty to other embryonic cells, 
particularly to mammalian cells (of animals or humans) . 
This susceptibility of extrapolation is highly documented. 

The same applies to the Moloney Murine Leukemia 
Virus The results that are obtained upon transforming or 
modifying the structure of this virus and the results 
achieved thereby can be held as highly representative or 
what could be observed under similar conditions with ocher 
retroviruses, transformed or modified accordingly and then 
used under conditions substantially similar to those which 
will be disclosed hereafter in connection with the M-MuLV 
retrovirus . 

Finally the gene coding for APHC 3 ') II provides a 
good model for the determination of the behavior of genes 
aft- introduction into a cell by means of a retroviral 
recombinant as described hereafter, owing to its capabi- 
lity of being used as a dominant hybrid selective marker 
for higher eucaryotic cells. 
mn^-ncti T gj the retroviral vectors , : 
1) plasmid pMMuLV-SVtjc-ikgo.. 

The starting DNAs used were plasmid P B6 (12) and 

vector pSVt&-neop (11). 

Plasmid P B6 was itself derived from plasmid P MOV3 
(13) which contained a proviral copy of M-MuLV. A Sail 
site had been constructed by inserting the M13mp8 
polylinker (14) into the PstI site at position 563 of the 
M-MuLV / gRNa (15) contained in P MOV3 . The BamHI site, which 
is at position 6,537 of the M-MuLV/gRNA, is in the 5' end 
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of the env gene. 

Plasmid pB6 was digested with the restriction Sail 
and BamHI and the fra*gment including the two LTR (iden- 
tified by arc A in Fig. 1) was ligated to fragment 
5 identified in Fig. 1 by arc B (fragment B) . 

Fragment B had itself been obtained as follows. 
pSVtk-neop was digested with BamHI and Hindlll . The BamHI - 
Hindlll fragment which contained the SVtk region was then 
ligated to a fragment containing a Sail site and obtained 

10 from plasmid pCHIIO (20) by digestion thereof with BamHI 
(complete digestion) and Hindlll (partial digestion) to 
provide the pCH1 10-SVtk-neo-recombinant- iThe latter 
plasmid was then cleaved by Sail and BamHI to provide the 
abovesaid fragment B ( Sall-SVtk- neo -BamHI ) . 

15 The recombinant obtained pM-MuLV-SVtk-neo haii a 

size of 10.6 kb. | 

Another plasmid oM-MuLV- neo , having a size of 10 
kb was also constructed for comparative purposes . It was 
obtained by ligating a fragment A 1 including the 5 1 LTR and 

20 3 ' LTR and obtained from pB6 with a B' fragment obtained 
from pSVtk- neo B . 

More particularly fragment A' had been obtained by 
linearizing pB6 with Sail, repairing the staggered extre- 
mities with polymerase I to provide blunt extremities f 

25 cleaving further with BamHI and recovering as fragment A 1 
the fragment including the two LTRs. Fragment 3' was 
obtained by cleaving PSVtk- neo B with Bglll, repairing the 
staggered ends by polymerase I cleaving further by BamHI 
and recovering the fragment containing the neo gene and 

30 freed from the Svtk region. 

Procedures used in the construction of these vec- 
tors are referenced in RUBENSTEIN and CHAPPELL (16). The 
enzymes used in the plasmid construction were obtained 
from B0EHRINGER MANNHEIM. 

35 The plasmids obtained include parts of different 

origins diagrammatized in different manners in Fig. 2 and 
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3, particularly, (when not directly identified in the 
drawings) : 

(a) M-MuLV sequences ; 

(b) seo gene (the arrow corresponds to the orientation of 
the coding strand of the gene) ; 

(c) mouse chromosomal DNA ; 

(d) pBR322 sequences : * : the Sail site in pM-MuLV-nea 
was destroyed during the construction of this mole- 
cule. 

There are a number of features of the structure of 
these retroviral vectors molecules which warrant further 
description. (i) There are two 492 base pair LTRs which 
are essential for transcription of the genomic RNA and 
integration of the provirus (2, 3). (ii) 3' to the 5 • LTR 
15 are 418 base pairs (up to position 563 of the gRNA, see 
ref . 15) which contain M-MuLV s first intron (15) and the 
putative packaging signal of the genomic RNA (5). (iii) 
The following Sail recognition site is derived from the 
M13mp8 bacterial phage polylinker (14). (iv) Between this 
Sail site and the BamHI site (position 6,537 in the M-MuLV 
gRNA) is the 1,100 base pair nsa gene. The nsa gene can 
confer G418 resistance to mammalian cells (11, 24). One of 
the plasmids (pM-MuLV-SVj^-nsa has the SV40 early and 
herpes simplex I thymidine kinase promoters (600 base 
25 pairs (11)) 5 1 to the neo gene, (v) Following the neo gene 
are 1,237 base pairs corresponding to the 3' end of the 
M-MULV any. gene, followed by the 3' LTR which contains the 
polyadenylation signal (15). (vi) Flanking both LTRs are 
sequences derived from the mouse chromosome (200 bp 5' and 
30 800 bp 3') (12). (vii) The remaining 4.4 kilobases of the 
plasmid are sequences corresponding to a rearranged copy 
of PBR322, which expresses the ampicillin resistance gene. 
Therefore, the nsa gene in pM-MuLV-jasa (Fig- 2) is expec- 
ted to be under the transcriptional control of only the 
35 LTR, whereas in P M-MuLV-SV;fck.-nep. the nsa (*iS- D « ene is 
expected to be under the transcriptional control of the 



20 
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LTR, the SV40 early promoter, and the thymidine kinase 
promoter . 

Cell culture, vir us infection and G418 selection : 
Cell lines : 

5 All cells were grown in Dulbecco's modified 

Eagle's medium (DMEM) containing 10- % fetal calf serum, 
penicillin and streptomycin. The mouse EC cell lines 
utilized were LT-1, PCC4Aza R1 and PCC3 HPRT~0uab R (17). 
The mouse differentiated cell lines were q>2 (5), NIH 3T3 
10 (18) r and NIH 3T6. 

V;Uus pro^yctAQn : 

i 

ip2 cells containing recombinant retroviral DNA 
were placed in 6 cm diameter culture dishes containing 4 
ml of medium without G418. The cell density was approxi- 
15 mately at 50 % confluency. After incubating the cells at 
37 *C for 24 hours, the medium was removed and then it was 
centrifuged at 3000xg at 4"C for 15 minutes. 

Virus infection : 

One milliliter of virus stock, containing 5 pg/ml 

5 

20 of polybrene (Sigma) was added to 5 x 10 cells in 6 cm 

plates. The samples were incubated at 37 *C for 2 hours and 

then the medium was replaced with fresh medium. One day 

after the viral infection (or DNA transformation, see next 

section), various numbers of cells (between 5 x 10^ to 2.5 
4 

25 x 10 ) were transferred to 10 cm plates. One day after 
this transfer, the medium was replaced with medium con- 
taining 500 pg/ml of G418 (Geneticin from Gibco) and was 
changed every 2 days until only G418 resistant cells were 
present, at which point the medium was changed every 3 

30 days. The G418 resistant colonies were counted at 10 to 14 
days after the beginning of the G418 selection. Individual 
clones were obtained by sucking them up into a 2 ml pi- 
pette and transferring them into 1 cm culture wells. 
DNA tran sformation : 

35 Plasmid DNA was transfected into cells using the 

technique of Graham and Van der Eb (19). The calcium- 
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phosphate precipitate was formed using 20 pg of DNA in a 
volume of 500 pi. In acute transf ections , and most of the 
stable transf ections, 6.6 pg of the plasmid P CH1 10 was 
added to the other DNA as an internal control for the 
5 efficiency of transf ection. this plasmid expresses 
e-galactosidase (20). The DNA precipitates were added to a 
6 cm plate containing 5 x 10 5 cells. Then, after incu- 
bating the cells for 30 minutes at 22'C, 5 ml of medium 
was added. One day later, the medium was changed, and 
10 then, after an additional 24 hours, protein extracts were 
prepared from the cells. For stable transformation 
experiments, the cells were diluted into 10 cm plates 
containing fresh medium after the initial 24 hours (see 
the previous section) . 
15 fr Sga y of p m fPin extracts for APHfT)II and .. 

a-galactosjdase : 

Cells were washed twice using TS (138 mM NaCl, 5 
mM NaCl, 5 mM KC1, 0.7 mM Na 2 HP0 4 , 25 mM Tris Base, 0.7 mM 
CaCl, and 1.0 mM MgCl 2 , P H 7.4). Then, after adding 200 pi 
20 of lysis buffer (85 % TS, 15 % glycerol,_10 mM dithro- 
threitol) the cells were scraped off the plates and 
sonicated (Ultrasonics Inc. W-375) for 2 minutes at 4'C, 
using 100 % power output and 50 % duty cycle settings. 
Next, 1/10 volume of 0.5 % deoxycholate and 1.0 % NP40 was 
25 added. The cellular debris was pelleted by centrif ugation 
for 10 minutes in a Beckman microfuge, and the supernatant 
was saved. The protein concentration of the extract was 
assayed using the Bradford procedure (21). The activity of 
p-galactosidase and of APH(3')II were assayed according to 
30 references (22) and (23) respectively. 

TJie i-o+rmKral yo^-t-nr containing th* internal SVtft 
nrnmoter e ^rp SSe s the neo gene in EC cells : 
Transien t pveression : 

To test whether unintegrated copies of a retro- 
35 viral vector can express the nefi gene, we transf ected 
pM-MuLV-SV±K-aso. DNA into fibroblast cells (NIK 3T6) and 
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EC cella (LT-1). Fig. 3 reveals that the recombinant 
retroviral DNA leads to the production of detectable 
quantities of APH(3')IX in both cell lines, although 
pM-MuLV-SVtk-neo is expressed five-fold more efficiently 
5 in the NIH 3T6 cells than in the LT-1 cells. 
Stable trans formants : 

Next we tested whether the recombinant retroviral 
vectors could stably express the neo gene in EC cells 
(presumably after chromosomal integration) . We trans fee ted 

10 LT-1 cells with pM-MuLV- neo or pM-MuLV-SV£&-.aea DNA. Table 
I which reports the efficiency of producing G418 resistant 
clones r shows that only the retroviral vector containing 
the SVtk promoter has the ability to produce G418 resis- 
tant LT-1 cells, although both plasmids are equally 

15 efficient at transforming differentiated cells (see next 
section) . Next, to learn whether adjacent retroviral 
sequences have an effect on the expression of the SV±&- 
neo gene in EC cells, we compared the efficiency of trans- 
formation of pM-MuLV-SV£fc-neo to that of pSVtfc-neop, a 

20 non- retroviral plasmid which also uses the SV±]g promoter 
to express the neo gene. As shown in Table I, these two 
plasmids are essentially equally efficient at confering 
G418 resistance to LT-1 cells, therefore, it is unlikely 
that a mutation is required for pM-MuLV-SVti-neQ to be 

25 transcriptionally active in EC cells. 

Production of viruses from a recombinant retro- 
viral Plasmid containi ng an internal SVtk-neo transcrip- 
tion upit : 

To produce virions carrying gRNA encoded by 
30 pM-MuLV-ngQ or pM-MuLV-SVifc-nefi, we trans fected these 
plasmids into $2 cells, a retrovirus trans-complementing 
cell line, which does not produce M-MuLV, but can package 
recombinant retroviruses (5). Following the plasmid 
transf ection, cells expressin the neo gene were selected 

35 by adding G418 to their culture medium. The efficiency of 

. • . -3 

obtaining G418 resistant clones was approximately 10 for 
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both plasmids (Table I). 

The transformed clones were mixed, and their su- 
pernatant was collected- We tested whether this super- 
natant contained retroviruses carrying the ngfi gene r by 
5 exposing NIH 3T3 cells to the supernatant and then select- 
ing for cells capable of growing in G418. The supernatants 
from the *2 cells carrying the pM-MuLV-iiea or the pM-MuLV- 
SVtk- neo plasmids had a tier of approximately 8 x 10 G418 
resistant colony- forming units per milliliter (G418 

10 cfu/ml) (Table I). Therefore, *2 cells containing these 
retroviral vectors are efficient producers of virions 
which can transfer neo gene into differentiated cells. 
Furthermore, the internal SVtfc promoter does not subs- 
tantially change the efficiency of producing these recom- 

15 binant retroviruses (Table I)- Finally, both M-MuLV-nefi 
expressed the same level of APH(3')II in infected NIH 3T3 
cells (Fig. 1 and 2) . 

Viral tra nsduction of the neo gene into EC cejls : 

We next tested whether the M-MuLV-jiga and the 

20 M-MuLV-SVtk- neo viruses could confer G418 resistance to EC 
cells. Three EC cell lines were studied, each having dif- 
ferent developmental properties. LT-1 is a nullipotent 
cell line, whereas PCC3 and PCC4 are multipotent (17). 
These EC cells were grown in the virus-containing medium, 

25 and the cells were then transferred into medium containing 
G418. In contrast to the result obtained with differen- 
tiated cells (NIH 3T3), only the M-MuLV-SVtk-fiegt virus was 
capable of confer ing stable G418 resistance to all three 
types of EC cells. The M-MuLV-n^a virus was either com- 

30 pletely unable to transduce an active neo gene (when 
infecting LT-1 cells), or very inefficient relative to the 
pM-MuLV-SV^Jc-jieo virus (when infecting PCC4 or PCC3 cells) 
as shown in Table I. 

35 
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We isolated' individual G418 resistant EC clones, 
all of which maintained their typical EC morphology.. To 
prove that the ago gene is actually expressed in these 
cells, we assayed cellular extracts for APH(3')II. 
5 Fig- 2 is an autoradiograph of the in situ assay 

of APH(3*)II (the neo gene-encoded phosphotransferase) 
after electrophoretic separatioon fromthe endogenous 
phosphotransferase activity. The arrow points to the 
position of the APH(3 l )II activity. 
10 (A) Extracts from NIH 3T5 and LT-1 cells were 

assayed fro APH(3')H 48 hours after co-transf ection with 
pM-MuLV-SVI^-neo and PCH110 DNA. We used the level of 
p-galactosidase (p-gral) expressed from the pCH110 as an 
internal control for the efficiency of transf ection. The 
15 numbers 9.6 and 3.7 are the number of p-gal -units in the 
NIH 3T6 and LT-1 extracts, respectively, the definition of 
fl-gal units can be found in reference 32. 

(B) APHn 1 )!! assay of extracts from G418 LT-1, 
PCC3, PCC4 and NIH 3T3 cells, which had received the neo 
20 gene by DNA jtrans formation (pSVtfe-ikgaP) or viral infection 
(M-MuLV-SV±&-n££ and M-MuLV-neo.) . Individual clones (A f B, 
C and F) or mixtures of many clones (M) were assayed. 

Fig. 3 shows the results of this assay, which 
demonstrates that the neo gene product is expressed in all 
25 of the G418 resistant cells infected with the 
M-MiiT.v-svtk-neo virus. On the other hand, the G418 
resistant PCC3 cells derived from infection with the 
M-MuLV-neo virus contained at least 40 fold less APH(3')H 
than EC cells infected with the M-MuLV-SVtk-n£fi virus, or 
30 differentiated cells infected with either the M-MuLV-asfi 
or M-MuLV-SVtK-aeo virus, or differentiated cells infected 
with either the M-MuLV-neo or M-MuLV-SVt&-]i£o virus. 

Therefore, . the addition of the internal SV£& 
promoter 5* to the neo gene confers up on retroviruses the 
35 ability to transduce and stably express the neo. gene in 
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nullipotent and multipotent EC cells. Furthermore, the few 
G418 resistant EC cells transduced by M-MuLV~neo produce 
40 fold less APH(3')II than M-MuLV-nefi transduced di- 
fferentiated cells. 
5 The results obtained thus show that the retrovirus 

( M-MuLV-SVtk- neo ) was capable of introducing and express- 
ing the neo gene in all EC cell lines tested. Each of 
these EC cell lines has characteristics of different 
stages of embryonic development ( 1 ) , suggesting that this 
10 retroviral vector may be suitable for introducing and 
expressing genes in embryos. 

On the other hand, the retrovirus without the 
SVtfcpromoter (M-MuLV-jaefi) is unable, or extremely ineffi- 
cient at expressing the neo gene in EC cells. For ins- 
15 tance, using either DNA transformation or viral infection 
(table 1), pM-MuLV- neo was unable to confer stable flee? 
gene expression to LT-1 cells. In contrast to LT-1 cells, 
PCC4 and PCC3 cells were transformed to G418 resistance by 
the M-MuLV- neo retrovirus, although at an extremely low 
20 efficiency (10 and _ 400 G418 R cfu/ml respectively, table 
1). These G418 resistant cells maintain EC morphology and 
multipotency . Although they are resistant to G418, their 
level of APHO'jri expression is at least 40 fold lower 
than in the EC cells which had been infected with M-MuLV- 
25 SVtk- neo (Fig. 1). Therefore, the retroviral promoter and 
splicing are probably functioning in these cells, but at a 
reduced efficiency. One of the characteristics of PCC3 
cells is their ability to differentiate in culture. For 
this reason, it is likely that whithin the PCC3 cell popu- 
30 lation, cells at different states of dif f erenciation co- 
exist (28). We hypothesize , that a sub-population of PCC3 
cells have the ability to express, although inefficiently, 
genes under the transcriptional control of the retroviral 
LTR. 

35 The fact that the internal SVt]£ promoter did not 

significantly change the amount of virus produced by the 
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*2 cells containing pM-MuLV-SVi£-nea (Table I) shows that 
a second promoter, "which is in tandem with the LTR f is not 
necessarily deleterious to the propagation of a retro- 
virus . 

5 It will of course be understood that any other 

gene or nucleotidic sequence can be substituted for the 
neq gene, particularly when the expression of said other 
gene or nucleotidic sequence is sought. 

The vector of the invention can also be used to 
10 transduce an antiparallel copy of a gene into a cell. We 
(32) and another group (33) have presented evidence that 
antiparallel mRNA can inhibit the expression of the 
complementary mRNA in eukaryotic cells. The inhibition of 
a developmentally important gene, by expressing an anti- 
15 parallel copy of that gene, has the potential of being' a 
powerful technique to study development. 

In the preceding example the gene transmitted 
into and expressed by the embryonic cells was the £eo 
gene. It goes without saying that said gene can be 
20 substituted by any other gene, particularly the gene the 
expression of which is desired in the embryonic cells. For 
instance the pM-MuLV-SVi&-jieo can be digested by Sail and 
Bglll, and the retroviral fragment obtained containing the 
LTRs and the promoter region yet freed of the jaeo gene, be 
25 ligated to the extremities of the gene concerned, if 
necessary after appropriate modification of extremities of 
said retroviral fragment and of said gene by any of the 
classical methods useful for that purpose (for instance by 
forming blunt ends or using of synthetic intermediate lin- 
30 kers provided with the adequate restriction sites, etc.). 
This is of course but an example of the different possible 
manners of providing for the introduction of a determined 
gene under the control of the SVtl£ promoter region of 
pM-MuLV- S V£]c-n£flL - 

35 The preceding vector is moreover particularly 

adapted for the transformation of mouse cells. It goes 
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without saying that the basic principle of the invention 
applies also particularly to other types of cells. It is 
also worthwhile mentionning that the host specificity of a 
given strain may be modified, for instance by transforming 
5 the cells of a different host, say human cells, however 
first caused to contain at least part of the genome of a 
xenotypic-type retrovirus, particularly part of the snv 
gene of said xenotypic-type virus, the latter being 
selected among those whose env genes are capable of trans- 
10 complementing the env gene of the mouse-adapted 
retrovirus . 

The invention further concerns the high eucaryotic 
cells, particularly mamalian cells and even more particu- 
larly embryonic ceils which contain, integrated in their 
15 respective genomes a retroviral sequence as above defined, 
said retroviral sequence comprising the gene whose expres- 
sion is sought in said cells. For instance the cells of 
the invention contain the p-globin gene or cloned human 
HPRT genes, for use in embryonic cells otherwise defective 
20 as regards these particular genes. The invention concerns 
particularly congelated modified cells of that type or 
cells of that type maintained in any other form of 
preservation . 

The invention is also for use in the veterinary 
25 field. Particular it authorizes for the modification of 
animal embryonic cells, in order to insert in their ge- 
nomes additional genes capable of expressing determined 
proteins (or of supplementing the expression of natural 
endogenous proteins). These inserted genes may also have 
30 functions of regulation of endogenous genes, to increase - 
or to the contrary to repress - their expression. Such 
regulating functions can be useful for instance in causing 
an increase of the meat production in cattle or poultry or 
of milk production in cows. Thus the invention relates to 
35 embryonic cells modified according to the invention, in a 
suitable state of preservation, for instance in the 
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congelated form, for implantation in the uterus of a 
female animal using any suitable technique. 

Repression of a gene may for instance be achieved 
upon introducing an antiparallel copy of said gene by 
5 means of a recombinant vector according to the invention 
in the cells concerned, it has been shown that an anti- 
parallel mRNA can inhibit theexpression of the complemen- 
tary mRNA in eucaryotic cells (RUBENSTEIN et al (1984) 
C.R. Hebd. Seances Acad. Sci. Ser III 299, 271-274, and 
10 SOUTHERN, P.J. et al ( 1982), J. Mol . Appl. Genet. I. 327- 
342). 

The use of the invention is of course not limited 
to the modification of embryonic cells. It can also be 
contemplated for the modification of differ enciated cells 

15 in animals or even in humans. For instance the DNA recom- 
binant vector of this invention can be used for the modi- 
fication of hematopoietic cells (normally present in the 
bone-marrow) first taken up from a mammal with a view of 
being re-injected in said mammal, for instance when the 

20 latter has, in the meantime, undergone a treatment, i.e. 
radioactive irradiation. The use of the invention is also 
contemplated to overcome genetic deficiencies in mammals, 
for instance in HGPRT-def ective mammals (Lesh Nyan disease 
in man). In a same manner as above described, competent 

25 cells from such mammals can be taken up from said mammals, 
be modified by a recombinant DNA vector according to the 
invention modified by a HGPRT+ gene and re-injected into 
said mammals . 

M-MuLV- S V t k - n eo virus has been deposited at the 

30 "Collection National e des Cultures de Micro-organismes" 
(Pasteur Institute of Paris, France) under Number 1-341 on 
September 25, 1984. 
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CLAIMS : 

A DNA recombinant vector containing a retro- 
viral sequence including the long terminal repeats (LTR) 
of the 5' and 3' termini of a provirus corresponding 
5 itself to a retrovirus selected from those which are 
capable of infecting at least one cell species of higher 
eucaryotes and at least that part of the first intron 
which contains the packaging signal of said retrovirus, 
which DNA recombinant further contains, downstream of said 

10 intron part in the direction of transcription, a promoter 
region heterologous with respect to the retroviral genome, 
including at least on6 promoter and enhancer sequence 
associated therewith, said promoter being selected from 
among those which are recognized by the endogenous poly- 

15 merases of said cell species. j 

2. The retroviral vector of claim 1 which includes 
the long terminal repeats of a retrovirus capable of 
infecting mamalian cell species. 

3. The retroviral vector of claim 1 or 2 which 
20 further contains a determined gene downstream from the 

abovesaid promoter region but within an area of said 
recombinant sensitive to the action of said enhancer 
sequence, for the effective transmission and stable 
expression of said gene into said cell species . 

25 4. The retroviral vector of claim 1 or 2 which 

comprises a second eucaryotic promoter inserted downstream 
of said first mentioned promoter, and within an area which 
can b/e activated by the enhancer sequence associated with 
the first prompter, said second promoter also being 

30 selected from among those which are recognized by said 
cell species. 

5. The retroviral vector of claim 4 which contains 
a determined gene downstream of said second promoter, 
preferably adjacent thereto . 

35 6. The retroviral vector of any one of claims 1 or 

2 in which the first mentioned promoter is selected from 
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among the promoters of SV40, of p-actines, of metal lo- 
methionine and' of the MMTV virus. 

7. A DNA recombinant retroviral vector which con- 
tains the SV40 enhancer and which, is replicable in those 
determined cells in which the SV40 enhancer is functional, 
characterized in that it contains retroviral sequences 
derived from a retrovirus selected from those which are 
capable of infecting at least one species of said deter- 
mined cells, and comprising the long terminal repeats 
( IiTR) of the 5 1 and 3' termini of the provirus and at 
least that part of the first intron which contains the 
packaging signal : 

- in that it contains retroviral sequences derived from a 
retroviral sequences derived from a retrovirus selected 
from those which are capable of infecting at least one 
species of said determined cells, and comprising the long 
terminal repeats (LTR) of the 5 1 and 3 1 termini of the 
provirus and at least that part of the first intron which 
contains the packaging signal ; 

- in that said SV40 enhancer is located downstream of said 
part of the first intron in the direction of transcription 
and 

- in that said retroviral vector contains a second euca- 
ryotic promoter downstream of said SV40 enhancer and in an 
area that can be activated by said SV40 enhancer, said 
second promoter being selected from among those which are 
recognized by the endogenous polymerases of said one 
species of determined cells and which are sensitive to the 
activation action of the SV40 enhancer. 

8. The retroviral vector of claim 7 wherein the 
second eucaryotic promoter is directly linked or adjacent 
to said SV40 enhancer . 

9. The retroviral vector of claim 7 or of claim 8 
wherein said second eucaryotic promoter is the promotor of 
a thymidine-kinase gene. 

10. The retroviral vector of anyone of claims 1 to 
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9 which is a retrovirus. - 

■11. The retroviral vector of any of claims 1 to 9 
which is a plasmid including said retroviral DNA recombi- 
nant itself recombined with a plasmid sequence including 
the replicon thereof for replication and amplification 
thereof in the suitable host cell, preferably fi. saii- 

12. The retroviral vector of any of one of claims 
1 to 11 which is a recombinant retrovirus infectious for 
said cells. 

13. The retroviral vector of any of claims 7 to 12 
which contains a gene which can be transcribed into RNA or 
translated into a polypeptide or both, which gene is 
adjacent to said second eucaryotic promoter. 

14. A process for making a recombinant vector ac- 
cording to any of claims 1 to 13 which comprises trans- 
forming with the preceding DNA recombinant a competent 
cell capable of producing a retrovirion corresponding to 
the retroviral sequence of said DNA recombinant and con- 
taining at least a defective retroviral DNA integrated in 
its genome capable of trans-complementing the retroviral 
sequence of the DNA recombinant. 

15. A eucaryotic cell line in which the retroviral 
vector of any of claims 1 to 13 is integrated in a stable 

manner . , . . 

16 The eucaryotic cell line of claim 15 which 

belongs to a species of cell lines in which SV40 enhancers 

are functional and in which said second eucaryotic 

promoter can be recognized by the endogenous polymerases. 

17. A process for introducing a gene into eucaryo- 

30 tic cells of a determined species, particularly at the 

eiDbryonic stage thereof which comprises infecting said 

cells with the recombinant retrovirus of claim 13 or with 

a plasmid recombinant containing all the elements of said 

recombinant retrovirus which are necessary for the effiec- 

35 tive stable integration of said gene in said eucaryotic 
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cells and wherein said first and, optionally, second 
promoters are' selected from among those which are reco- 
gnized by said cell species. 
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